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2 ( 57 ) Abstract: A method for the use of a superconducting tape, especially for the winding of a superconducting tape to a coil. 

According to the invention, the superconducting tape is wound with a radius of curvature adapted to a specific appbcation before it is 
W subjected to a sintering in an oven, whereafter the sintering is carried out Thus the sintering can be carried out before a winding to 
^ a mandrel is carried out As a result it is possible to manufacture even small coils without the use of special mandrels and insulating 
^ layers which can tolerate high temperatures. 
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Title: A method of manufacturing and using a superconducting tape, especially when 
said tape is to be wound on a coil. 

Technical Field. 

The invention relates to a method of manufacturing and using a superconducting 
5 tape, especially when said tape is to be wound into a coil. 

Background Art 

US-PS No. 5,531,015 discloses two principles for the winding procedure. 

L_ Wind and react or 
2± React and wind. 

10 The first method involves winding a superconducting tape to a mandrel with or 
without intermediate insulating layers followed by a sintering in an oven. This 
method presents high requirements to the mandrel and to the properties of the insulat- 
ing layers with respect to absorption of heat, and it is suited for the manufacture of 
coils with a small radius. 

15 The second method involves a winding up of the tape with a relatively large radius 
followed by the tape wound up being sintered in an oven. Not until now the tape is 
wound onto a mandrel. However, during the winding procedure a risk applies of the 
superconducting material of the tape brittling due to the small bending radius. The 
latter applies especially to the manufacture of small coils where the tape is subjected 

20 to particularly extensive deformations during the winding procedure. 
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The object of the invention is to provide a method of manufacturing superconducting 
tapes with small radii of curvature, especially small coils not encumbered with the 
above draw-backs. 

A method of the above type is according to the invention characterised in that prior 
5 to the sintering in an oven, the superconducting tape is wound up with a radius of 
curvature dimensioned in such a way that the curvature is adapted to a specific appli- 
cation, whereafter the sintering is carried out. 

As a result the sintering can be carried out before the tape is wound on a mandrel. 
In this manner it is possible to manufacture even small coils without the use of 
10 special mandrels and insulating layers which can tolerate high temperatures. 

Moreover, the superconducting tape may according to the invention be wound up or 
bent into one or more radii of curvature prior to the sintering, said radii of curvature 
being dimensioned in such a way that within a predetermined radius of curvature 
range said radius of curvature is adapted to a specific application, whereby the said 
15 radius of curvature range corresponds to the range defining the handling and winding 
extent of the tape without involving a brittling of the superconducting material. 

Furthermore, the said radius of curvature range may according to the invention 
include a radius of curvature being smaller than the final radius of curvature as well 
as a radius of curvature exceeding said final radius of curvature. 

20 Prior to the sintering, the superconducting tape may according to the invention be 
provided with one or more bending radii, whereby said tape does not brittle when it 
is placed in the application in question after the sintering. 



Brief Description of the Drawings 
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The invention is explained in greater detail below with reference to the accompanying 
drawings, in which 

Fig. 1 illustrates a superconducting tape wound into a so-called "pancake shape" for 
the sintering, 

5 

Fig. 2 illustrates the sintered tape wound on a coil holder, and 

Fig. 3 shows the maximum strain in a superconducting tape versus an amendment of 
the radius of curvature for two different values of the initial radius of curvature. 

Best Mode for Carrying Out the Invention 

10 The known "React and Wind" method involves a winding of the tape so as to allow 
the tape to be placed in an oven for an annealing of the superconducting material. It 
is, of course, not possible to place several km of tape in an oven without said tape 
being wound up. Such a wound up tape is ordinarily called a "pancake-shaped" 
superconducting tape. Such pancake-shaped tapes are for instance described in EP 

15 0631331 in the name of Sumitomo Electric Industries. Such a wound up tape is 
encumbered with the draw-back that microcracks can arise in the superconducting 
material in case said material is bent too much or if said material is subjected to a too 
extensive deformation. The inventors have tried to map these circumstances, and Fig. 
3 illustrates the strain versus the radius of curvature of two different initial radii of 

20 curvature. It appears that it is much easier to increase the radius of curvature without 
involving a too extensive strain than to reduce said radius of curvature. When a strain 
of for instance 0.40%, viz. a critical strain, is acceptable, the possible range of 
radius of curvature without exceeding the superconducting properties can be deduced 
from the graph with the initial radius of curvature in question. Sometimes a critical 

25 strain of up to 1% is acceptable, cf. US-PS No. 5,531,015. 
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According to the present invention the superconducting tape is provided with a radius 
of curvature, viz. is subjected to a deformation, prior to the annealing, and within 
the range appearing from Fig. 3 this radius of curvature is close to the final radius 
of curvature, viz. the resulting deformation. The radius of curvature can be slightly 
5 smaller or slightly larger than the final radius of curvature. In this manner it is possi- 
ble to avoid a deformation of the tape to such an extent that microcracks arise during 
the following placing of said superconducting tape on for instance a mandrel, viz. a 
coil holder, with intermediate layers of insulating material, i.e. without being sub- 
jected to a strain beyond the range of the radius of curvature. In addition, the advan- 
10 tage is obtained that it is possible to use a mandrel and intermediate insulating mate- 
rial not tolerating the high sintering temperatures of typically 900 °C. In other words 
a free choice applies with respect to the material used for the mandrel and the insulat- 
ing layers, which in practice turned out to be a vital factor. 

However, during the manufacturing process it is important that a predetermined 
15 operating margin applies to the radius of curvature of the superconducting tape, and 
it is thanks to the inventor that these margins have now been mapped and quantified, 
cf. Fig. 3. 

It appears furthermore from the curve of Fig. 3 that the initial radius of curvature 
should rather be too small than too large because it is much easier to carry out a 
20 strain than to carry out a further bending. However, with respect to the handling it 
is an advantage that it is possible to subject the tape to a strain. 

In general, the superconducting tape can be wound with a radius of curvature imply- 
ing that the tape brittles when it is subjected to a strain after the sintering, and 
according to a particular embodiment the superconducting tape is provided with one 
25 or several bending radii, whereby it does not brittle when it is placed in the applica- 
tion after said sintering. 
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The tape is preferably a multi-filament tape because such tapes are more tolerant to 
bending than the mono-filament tapes. 
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Claims 



1 . A method for the use of a superconducting tape, characterised in that 
prior to the sintering in an oven, the superconducting tape is wound with a radius of 
curvature dimensioned in such a way that the curvature is adapted to a specific appli- 

5 cation, whereafter the sintering is carried out. 

2. A method as claimed in claim ^characterised in that the said radius of 
curvature range includes a radius of curvature being smaller than the final radius of 
curvature, as well as a radius of curvature exceeding said final radius of curvature. 

3. A method as claimed in one of the preceding claims, characterised in that 
10 prior to the sintering, the superconducting tape is wound with a radius where the tape 

brittles if it is subjected to a strain after the sintering. 

4. A method as claimed in one of the preceding claims, characterised in that 
after the sintering the superconducting tape is wound on a holder, preferably a coil 
holder without being subjected to a strain beyond the range of the above radius of 

15 curvature. 

5. A method as claimed in one of the preceding claims, characterised in that 
prior to the sintering, the superconducting tape is provided with one or several bend- 
ing radii, whereby it does not brittle when it is placed in the application in question 
after the sintering. 
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(57) Abstract: A method lor the use of a superconducting tape, 
especially tor the winding of a superconducting tape to a coil. Ac- 
cording to the invention, the superconducting tape is wound with 
a radius of curvature adapted to a specific application before it is 
subjected to a sintering in an oven, whereafter the sintering is car- 
ried out. Thus the sintering can be carried out before a winding to 
a mandrel is carried out. As a result it is possible to manufacture 
even small coils without the use of special mandrels and insulat- 
ing layers which can tolerate high temperatures. 
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AMENDED CLAIMS 

[received by the International Bureau on 25 May 2001 (22.05.01); 
original claims 1-5 replaced by amended claims 1-4(1 page)] 

1 . A method for the use of a superconducting tape, characterised in that 
prior to the sintering in an oven, the superconducting tape is wound with a radius of 
curvature dimensioned in such a way that the curvature is adapted to a specific appli- 

5 cation, whereafter the sintering is carried out, said radius of curvature range includes 
a radius of curvature being smaller than the final radius of curvature, as well as a 
radius of curvature exceeding said final radius of curvature. 

2. A method as claimed in claim 1, characterised in that prior to the 
sintering, the superconducting tape is wound with a radius where the tape brittles if 

10 it is subjected to a strain after the sintering. 

3. A method as claimed in one of the preceding claims, characterised in that 
after the sintering the superconducting tape is wound on a holder, preferably a coil 
holder without being subjected to a strain beyond the range of the above radius of 
curvature. 

15 4. A method as claimed in one of the preceding claims, characterised in that 
prior to the sintering, the superconducting tape is provided with one or several bend- 
ing radii, whereby it does not brittle when it is placed in the application in question 
after the sintering. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
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□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: 

No: 

Inventive step (IS) Yes: 

No: 

Industrial applicability (IA) Yes: 

No: 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1: US-A-4 270 264 (WEISSE HANS-JOERG) 2 June 1981 (1981-06-02) 
D2: US-A-5 332 988 (ZHUKOVSKY ALEXANDER ET AL) 26 July 1994 (1994- 
07-26) 

2. Each of documents D1 and D2 discloses (see D1 column 3, line 59 - column 5, 
line 12; D2, column 2, line 62 - column 3, line 4, column 4, line 4 - 26, figures 2, 3) 
steps i. to iii. of a method as claimed in claim 1 besides of winding the tape in step 
i. with a curvature including a radius of curvature smaller than the final radius of 
curvature. 

However on this difference no inventive step can be based. The problem to be 
solved by the present application is to avoid deformation of the tape to such an 
extent that microcracks arise during the following placing of the superconducting 
tape on a support like a mandrel or coil holder. For a skilled man it is obvious that 
this requires only a small amount of deformation to take place for any adaptation 
to a final radius of curvature. Furthermore a small amount of deformation implies 
(see also the statements in the present application at page 2, lines 17-19 and 
page 4, lines 4-9) that the radius of curvature can merely slightly be smaller or 
larger. Thus the skilled man had two obvious possibilities which he would have 
tried out for carrying out the desired adaptations to a final radius of curvature. One 
of these obvious possibilities is a radius of curvature smaller than the final radius 
of curvature. In consequence the subject-matter claimed in claim 1 lacks an 
inventive step, contrary to the requirements of Article 33(3) PCT. 

3. Dependent claims 2 - 6 do not contain any features which, in combination with the 
features of any claim to which they refer, meet the requirements of the PCT in 
respect of inventive step, the reasons being as follows: 

The additional features can be derived from documents D1 and D2 or represent 
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general knowledge. 
Re Item VII 

Certain defects in the international application 

1 . The documents D1 and D2 have not been identified in the description nor has the 
relevant background art disclosed therein been discussed. The requirements of 
Rule 5.1 (a)(ii) PCT are, thus, not fulfilled. 

2. The description should be in conformity with the claims in order to fulfil the 
requirements of Rule 5.1 (a)(ii)(iii) PCT. 

3. It is considered appropriate to draft a single independent claim in the two-part 
form as required by Rule 6.3(b) PCT, whereby the features already known from 
the nearest state of the art should be placed in the preamble. 

Re Item VIII 

Certain observations on the international application 

Claim 1 does not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The claim attempts to define the 
subject-matter in terms of the result to be achieved ("with a radius of curvature 
dimensioned in such a way that the curvature is adapted to a specific application") 
which merely amounts to a statement of the underlying problem. The technical 
features necessary for achieving this result should be added. 
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Claims 



1. A method for the use of a superconducting tape, characterised in that 
prior to the sintering in an oven, the superconducting tape is wound with a radius of 
curvature dimensioned in such a way that the curvature is adapted to a specific appli- 
5 cation, whereafter the sintering is carried out. 



2. A method as claimed in claim 1, c bA racterised in that the said radius of 
curvature range includes a radius ofcurvature being smaller than the final radius of 
curvature, as well as a radius of curvature exceeding said final radius of curvature. 



Z 



3. A method as claimed in one^f the preceding cl aims , characterised in that 
10 prior to the sintering, the superconducting tape is wound with a radius where the tape 
brittles if it is subjected to a/strain after the sintering. 



4. A method as claimed in one of the preceding claims, characterised in that 
after the sintering the superconducting tape is wound on a holder, preferably a coil 
holder without being subjected to a strain beyond the range of the above radius of 

15 curvature. 

5. A method as clamed in one of the preceding claims, characterised in that 
prior to the sintering, the superconducting tape is provided with one or several bend- 
ing radii, whereby it does not brittle when it is placed in the application in question 
after the sintering. 
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Claims 



1. A method for the production of a wound superconducting tape with a final radius 
of curvature comprising the steps of: 

5 i.- "Winding the superconducting tape with a radius of curvature dimensioned in 
such away that the c\ifature is adapted to a specific application having said final 
radius of curvature; 

ii. sintering said superconducting tape in an oven: and 

iii. providing said wounded tape with its final radius of curvature, 

10 wherein said radius of curvature wound in said step of winding the superconducting 
tape includes a radius of curvature being smaller than the final radius of curvature. 

2. A method according to claim 1, characterised in that the superconducting 
tape is wounded in a radius of curvature range including a radius of curvature being 
smaller than the final radius of curvature as well as a radius of curvature exceeding said 

15 final radius of curvature. 



3. A method according to any of the claims 1 and 2, characterised in that the 
tape is wound with a radius where the tape britties if it is subjected to a strain after the 
sintering. 

4. A method according to any one of the claims 1 to 3, characterised in that 
20 after the sintering, the superconducting tape is wound on a holder without being sub- 

jected to a stain beyond the range resulting in a critical strain of 1%, preferably 0.40%. 

5. A method according to claim 4, characterised in that said holder being a coil 
holder. 
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6. A method according to any one of the claims 1 to 5, characterised in that 
prior to the sintering, the superconducting tape is provided with one or several bending 
radii, whereby the tape does not brittle when it after sintering is provided with its final 
radius of curvature. 
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